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Lawrence Livermore National Laboratory

Improved Solvers for Advanced Engine
Combustion Simulation

M. J. McNenly (Pl), S. M. Aceves, D. L. Flowers, N. J. Killingsworth,
G. M. Oxberry, G. Pelitpas and R. A. Whitesides

& Project ID # ACE076

2014 DOE Venhicle Technologies Program
Annual Merit Review and Peer Evaluation Meeting
June 17, 2014 - Washington, DC
This presentation does not contain any proprietary, confidential or otherwise 2
restricted information
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Instruction

Mandatory Overview Slide

« Please prepare an Overview slide formatted and containing the
information per the following slide:

Timeline (please confirm dates with your DOE HQ/NETL
manager(s))

Budget (please confirm values with your DOE HQ/NETL
manager(s))

Barriers (please list up to three technical barriers and technical
targets from the mostrecent U.S. DRIVE Roadmap addressed
by your project to be found at:
https://energy.qgov/eere/vehicles/us-drive-partnership-plan-
roadmaps-and-accomplishments. If you don’t see a report on
your subject matter, please contact the relevant technology
managetr.

Partnhers



https://energy.gov/eere/vehicles/us-drive-partnership-plan-roadmaps-and-accomplishments

Instruction

Overview

Timeline Barriers
* Project start date « Barriers addressed
o Project end date — Listup to 3 technical barriers and
technical targets from the most
* Percent complete recent U.S DRIVE Roadmap

relevant to your project. For a list of
roadmaps by subprogram please
see the link below. Ifyou don't see

a report on your subject matter,
Bud get please contact the relevant
: : technology manager:
Total pl’OjECt fundmg https://energy.gov/eere/vehicles/us-
— DOE share drive-partnership-plan-roadmaps-
and-accomplishments
— Contractor share

Partners
* |nteractions/collaborations
* Project lead

Funding for FY 2017

Funding for FY 2018 (if
available)


https://energy.gov/eere/vehicles/us-drive-partnership-plan-roadmaps-and-accomplishments

Crvanview
Project Outline

Timeline
Start Date: February 1, 2012
End Date: January 31, 2015
Percent Complete: 700

Budget
Contract Value (80/20). 5 3172779
Gov't Share: 5 2,499,583
MPT Share: 5 672798

Funding received in FY2013: § 494,361
Funding for FY2014: § 209,618

I11FIHI.€

Powertrain

] 45% thermal efficiencyon a light duty Sl engine
with emessions comparable 1o or below existing
Slengnes (4, 8. C, 0. F)

B 30% predicted drive cycle fuel economy
improvement over comparable gasoline engine

vehicle (4, C, M)
B Costeffective systern reguining minimal @
modification to existing hardware (G)

Partners & Subcontractors

Overview

Timeline

* Project start March 2014
* Project end March 2017
* 5% complete

Budget
* FY14-17 = $300K (DOE)

Test ergire platform
DelLPH
Custom infchor
design and development
Overview
Timeline Barriers

* Project (CRADA) start date: May 28,
2009

* Project (CRADA) end date: Sept. 28,
2013

+ Percent complete: 100%

Budget

« Total projectfunding
= DOE shars: $1.08
= GM in-kind cost share: STE0K

* F¥13 funding
= DOE share: $100K (carryowver from FY12)
— GM in-kind cost share: 200K

+ F¥14 funding

= §0 (project completed, follow-on ORNL-GM
joint proposal submitted to FOA 931)

= 10-15% energy generated in an IC
engineis lost to parasitic friction,
which is governed by the engine
lubricant.

+ Low-viscosity engine oils increase
fuel economy but post challenges
on wear protection.

+ Emission catalysts ‘poisoned’ by
conventional anti-wear additives.

Partners

+ CRADA partner: General Motors

« Other collaborators: Lubrizol and
Cytec Industries

fion ooes nod comtEin Ay oropnefany confoential o cffenrios ecticier ifnemation

Overview Slide

Examples

Barriers

Performance: Meet or exceed the
performance of current forged
crankshafts. {as-cast UTS > 800MPa,
YS > 615MPa)

Life: Material and process must
achieve local ultra-high cycle fatigue
requirements of current baseline

Cost: no more than 110% of
production cast units

Project Partners

= (Caterpillar, Inc. = Lead

* Argonne National Laboratory
* General Motors

* Northwestern University

* University of lowa




Instruction

Relevance

Relevance counts for 20% of your total project score.

The title of these slides should make it clear that they count
toward your project’s relevance.

Information to include:

— Objectives: Describe the objective of your project and what you were
to achieve in the work covered by your presentation, i.e., the
objective of your work over the past year (March 2017—March 2018)

— Your objectives should make it clear what the relevance of your
project is to the VT Office (more information on the VT Office can be
found through this Web site and its contained links:
http://energy.gov/eere/vehicles/vehicle-technologies-office

— The impactyour project has on addressing the barriers identified in
the Overview slide and other specific targets and milestones.



http://energy.gov/eere/vehicles/vehicle-technologies-office

Relevance for Addressing Barriers Relevan ce

= Cost

Seek to improve cost effectiveness of fuel-saving HEV SI I d e Exam p I eS

technology

* Technical target setting

Establish targets for device developers focused on cost-
effective fuel-saving goal

Confirm performance of candidate devices in vehicle
systems context

+ Risk aversion and constant advances in technology REIEVEHCEI ObjectiVES

DOE/MREL helping to evaluate technologies outside the
traditional HEV ESS paradigm

Reusable test platform can be used to evaluate different «  Overall Objectives
systems as they become available—simply swapping out
the LEESS devices under test

High Termparahura DC-Bus Capacitons Cast Reduction and Paformance improvements

— Reduce the cost, size and weight of the DC-link capacitor by =50%
= Increase durability in high temperature environments
*  Objectives this perod
— Define size and shape of PML capacitor
— Develop thermal-mechanical and electrical models of the Gen

Relevance B errvysLER capacitor
i ; i — Complete upgrade pilot ling
Project Objectives — Finalize PML dielectric
+  Impact

« Demonstratea 25% improvement in combined City FTP and

; X - Accelerate the manufacturing capability and mass production
Highway fuel economy for the Chrysler minivan

adoption of energy-efficient and cost-effective APEEM capacitor

— The baseline (reference) powertrain is the 2009 MY state-of-the-art technologies into electric drive vehicles, such as electric vehicles
gasoline port fuel-injected 4, 0L V6 equipped with the G-speed 62TE (EVs), hybrid electric vehicles (HEVS), and plug-in hybrid electric
transmission vehicles (FHEVs)

— This fuel econamy improvement is intended to be demonstrated while OAK . .
maintaining comparable vehicle performance to the reference engine 3 wTOMce 3015 Annual Mark Ravisw Magting g‘Rll_“_al DELPHI @SIQH‘IETEChnDngES

- The tailpipe emissions goal for this demonstration is Tier 2, Bin 2

= Accelerate the development of highly efficient engine and powertrain
technologies for light-duty vehicles, while meeting future emissions
standards

+ Create and retain jobs in support of the American Recovery and
Reinvestment Act of 2009

+ Project content is aimed directly at the listed barriers 7

Thiz does ok conk ] o




Instruction

Milestones

« Milestones may be presented in a separate slide
directly before the Approach section or included as
part of the Approach section

* Include milestones and go/no-gos for FY 2018 and
FY 20109.



Milestones

2013 04

2014 Q1 2014 Q2 2014 Q32

Advanced Engine Map
Generation by 1AV

Integrate Maps into
Autonomie

Define Drivetrain
Assumptions

Perform Simulations
Analyze Results

Report/Paper

WNES QS

Example Slides

@ Research and
Advanced Engineering

Budget Period 3

Milestone Timing

Budgat Pericd 1 Budget Penicd 2 Budget Period 4

1-0ct-3010 - 1 -Dec-2011 1-Jan-3013 - 31-Dac-3013 1-Jan-200% - 31-Dusc- 3013 1-Jan-30L4 - 31-Dac- 3014

PACE MBS Bagin WACE Dyre Covalaprmant BACE rresbn PE ared armi v ars rtrics

0 - Combarstion Research (BATLI)

December 2013

March 2014

June 2014

September 2014

Milestones

Wentify high-potential motor material/designs for further Complete
oplimization and cost reduction,
Milestone
Complete initial modeling and simulation of most promising Complete.
motor design.
GofMo-Go decision:
Finalize characterization of motor materials and non-rare Ontrack.
earth motor design prior to fabrication of prototype motor.
Milestone:

On track,

Complete fabrication of prototype motor

*-41'.1!-{ ok Sorsosou. Lasoraroay




Instruction

Approach

Approach counts for 20% of your total project score.

The title of your slides should make it clear that they count toward
your project’s Approach.

Describe overall Technical Approach:

— Emphasize unique aspects of your work and de-emphasize discussion
of equipment used

— Discuss how your work addresses the project’s technical barriers

— Describe how your project is integrated with other research or
deployment projects within the VT Program.

— Use simple statements so that scientists and engineers, not experts in
your area, can readily understand the explanation of your approach.
Include the planned milestones and go/no-go decisions for FY 2018
and FY 2019 and current status toward them (if not shownin a

separate Milestone slide).

10



FY14!1 5 Approach and Milestones

|

2014 ‘ ‘
Oct | Mov | Dec

Jan Fm‘"“‘mm‘m‘m‘m‘m‘mp

Tast mator |
totypa 1 prototype 1| i

Bud motar Tost MGEor .  Tem
totype 2 rotatype 2 et

Tt rnnlrur Test

nﬂﬂh "2
lmm s

B A L e

l Matarisls developmant ,-"{ Beale-up materials processing

Go No/Go Decision Point: The key go nafgo decision point will be after the 3 down-selected

rmotor prototypes ane built and tested to determéne bazed on test

results how do they compare to the baselne | PM with rare-earth

rmagnets,

The set of specifcations is very challenging and eliminating rane-

earth permanent magnets is a big hit i terms of torque density and o

-m GE (Mot Ragaarch
Bl ¥ e 18, 2074

Challenges/Bamriers:

Approach Slide

Examples

Approach/Strategy - Plan

2013 2014
et Mo Dot Jam Feb Mar Apr My Jumn

Measure local keat tramster coefficients using ATF impingement “
————
Obtain ATF fluid
progemies
Develop heat transier correlations and CFD models for
ATF impingement (building on previous work in Fr13)

Complete lamination thermal m Buil experimental setup for heat
tests for publication transfer experiments on endwinding
surfaces
Measure heat

transfer coefficlents
on end-windings

L]
Meadsure orthotropic
thermal conductivity
of DRNL laminations
and winding samples

* Verify test proced ure
* Confirm modeling approach

Thermal measurements of passive thermal design elements and
collaboration supporing molor research perdormed al ORNL

+  Inclhedes collaboration between ORMNL, LM, and MREL on materials for
improved end winding heat transfer

Develop high temperature PEI film to
overcome the shortcomings of BOPP and
cooling system.

Higher dielectric constant and thinner film
for higher capacitance density and smaller
volume than state-of-the-art.

Approach/Strategy

2000 2005 2010 2012 015

Yeor
» Enhanced dielectric strength via inorganic
coating of PEI films for smaller volume.
PEI Inorganic Prototype Product Y
% . B
|FimExyusion | > Nonococting % Manuf p 5 e
7 v 1V & !z 200 4
| Phase | :  Pphase ll { 5
0
(') 12 Mgmns 24 M:mms 36 M:mhs PEl Coated PEI

P

High temperature extruded polymer film capacitor

11




Technical Accomplishmen%s

and Progress

Technical Accomplishments and Progress count for 40% of your
total project score.

The title of these slides should make it clear that they count
toward your project’s technical accomplishments and progress.

Each slide should include a summary “take-home” message,
especially those that contain data.

Describe the most important technical accomplishments
achieved during the reportlng period and their significance.
Specifically, address last year’'s reviewer comments regarding
technical accomplishments and progress as well as progress to
date for new projects.

Include relevant data to support your accomplishments.

Relate the accomplishments to project milestones, barriers,
objectives, and technical targets.

Benchmark the progress versus FY 2017 results, if applicable.
12




Instruction

Technical Accomplishments
and Progress (cont.)

Include no more than one slide on previous accomplishments
and CLEARLY indicate work previously presented versus
new work!

To assist the reviewers evaluating your work, please include
bullet comments of the key points on each slide.

Include sufficient slides to explain what was done leading to

the technical accomplishments.

— However, please limit your slides to the time you have available — the 20-
minute presentation time will be STRICTLY enforced!

Though your presentation will be in color, it is best to choose
colors and data symbols that can be easily distinguished in
black and white for those reviewers using hardcopies.

13



TECHNICAL ACCOMPLISHMENT
MODELED THE FORMATION CYCLING PROCESS

Contributes 590 (3%) to the cost of the battery pack

* Basis: 100K pks/vear, 10,1 M celliyr -
— 10 kWh PHEV, 28 Ah “'
-
= Energy demand £w
— Electrical energy (charging) g =
« 36800 MWhiyear, 500 KW, 50 KAWKWhH i m
* Heat generated during charge/discharge m
« 240 MWhivear, 33 kW aw
= Heat generated if discharged energy dumped to load Tk e ox mom

Atep

« 1800 MWhiyear, 265 kW

Preliminary Estimates
* Floor Space: 900 m#

» Cost Contribution: 59 per kWh
— Cost of electricity ~ 1% of annual cost
— Large number of cyclers and racks represent a
large fraction of the capital equipment cost
= Eliminating cne full charge/discharge step can
reduce cost by 35%

Gan. Exp

Accomplishment

Slide Examples

*{ (0K padikshr af 10&Wh PHEY Argonne &
Technical Progress - Improvements e
(Based on Engine, AT & WHR Testing)
Objective 1 Objective 3
500% BTE 55% BTE
Ll 1
I T T
h 1
£ Status 2013 Merit Review: .C. mmemm date 5 % |
T Engine + High Efficiency AT + WHR i |
© (Engine, AT & WHR System Testing)
£
]
@ inj Piaton & Parsals
E Diesel Engine only * T Bavislons
Y 1 Li . i I 1
& Load
g?_ increase WHR

H [ | [
42% 43% 44% 45% 46% 47% 48% 49% 50% 51% 52% 53% 54% 55%
Engine Brake Thermal Efficiency (%)

1<
=]
=
(=
1]
(=9
T
=]
(=
]
(L]
a
2
=
(=
=]
=
=)
=
o
(]
=

"WHR - Cumimins Organic Rankineg Cycle Waste Haal Recovery

20Jun2014 12

Accomplishments to Date - FY14
10 kW Inverter - Version 2

Completed the initial design of 10 kW WBG inverter with ORNL high temperature
SiC 1200 V, 100 A module layout

SIngIo phase module gate driver

1200V, 100A,
SiC MOSFET
single phase
module layout
designed at
ORNL

5x40 uF
] capacitors,

Power density: 10 KW/1.7 L = 5.88 kWJ/L ~ 2 times higher than
the commercial module based design

9 ‘()\\ Ru

WAL LAnCsATOY

K rom v & S—— S
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Instruction

Responses to Previous Year
Reviewers’ Comments

 [If yours is an on-going project that was reviewed last
year, address 1-3 significant questions/criticisms/
recommendations from the previous year's reviewers’
comments, available at:
https://energy.gov/eere/vehicles/downloads/2017 -
annual-merit-review-report

« Last year's presentations can be found at:
https://energy.gov/eere/vehicles/annual-merit-review-

presentations
If your project was not reviewed last year, please indicate as

such on the slide.

15


https://energy.gov/eere/vehicles/downloads/2017-annual-merit-review-report
https://energy.gov/eere/vehicles/annual-merit-review-presentations
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Notan (1) Carwmamh {skon fprevibe SOIF AV wonls stiory

| Response to Previous Years Comments

Comments from the

2013 Annual Merit Review!™

“Th rrvimwir suggusted that it miay ba
Esereficial to Ery Eo determing the
chiscrapancy batwasn the real werld Fual
wconomy observed and thet detsrminad
wing the federal test procedures due to
tha magnitude of the differerce.”

“Thee revigwser said that it would Fave been
irformative to urderstand whist trarspined
ir the relationship with the first battery
maref acturer”

* Thetr revigwer was uncariain sbout whick
of this project 't techrical sccomplishments
ed et alrmady been lesnad by cthars
Esfore, with 1k gception of the reverse
Flow capability”

Response

Actiond Teken

& Chrysler LLC Followed federal test procedhures 16 nan the Califcrnia Exhaust Emission
Srandards test for EAER in Phasa 1. The discrapancy betwaen real world fusl
scoromy cbsarvad ard Faderal test procedures results ware compared betwean
Phase | and Phasel.

Stati

& Phase | and Phase |l comparison displayed & similar magritude of differerce in Fuel
scoromy. This discrepercy i dos to the differance Bstwesn the specified test
srgarcas and real world deivieg habits.

.I\:I:lnm'l'bhm
Thare were complicetions that srose during the battery manufecturing scale-up,
which led to the cheerved field issues, Theseissues coudd not be resclved without
complete replacement of the battery cells. A rew supplier replaced the batteries,
as ik provicus supplisr could et mest oll the reguired entena (manufactring
performance and quality) in the requined time frame of the program,

Stabi

& Currert chservations show that the new cells implemented in Phase || vehicles for
resl world testingmaset or exceed all performance requirements, Al pravious
issuns have besn dimineed.

Actions Teken

& Phase |l vehicle deployment implements testing of unigue techrclogy including AC
Power Garsration, Smart Charging, Raverse Powsr Flow, Powaer Panal,
development of level 1 ard 2 DC charging ard ATPZEV compliance all on & full size
pickup truck plathorm, The resdts 1o spplied to huture programs.

Statisd

& Resl world dats on rew techrclogy is being collected by deployment partrers,

| This presentation does not contain any propoetary, confidential, orotherwise restricted information 3z

Responses to Previous Yea

-

m

Reviewer

This project is a new start.

Comment Slide
Examples

*‘1.] AK B Narosiou. Lasc

=TT s

Response to reviewers comments

4@ .E""E
AMR13 comments were generally positive ) GRev r Sample
with the reviewers posing three basic i | [
questions: - ]* r T I
1. Is it cormect? -
The LLML thermachemistry library has besn verified .
ajarsl ol available solvers (Canbera, Chemban £
Tl Fam) "'b-"n_;.'u,,nﬂ._:uarvm n.a.n*nar#.:ﬁw 55
sCular weghts and pins dl-\.u"l'i.'.:-' s (]
precondioner soker h-.‘lS- t—.‘"’.—"‘l '-S'II"I'-."I.‘I ‘.-:"-n" Ir 1-":|'\-n"’
(1]
am
Approech Touh

2. Has it been validated for HECC engines?

Tha simudation valdaton for HECC
ACE-012 project at LLML, and
presantaion a AMR 14, We
that the nesw sabeers are applicable 1o
simudation, with this proj

Lawrence Livermore National Laboratory

MeMenty, of ol LLNLFRESS53560

aciraly COllac

1 lesading the verification effor B

Colgirieniey  Fubes Rpmecdh  Yiaghled
e

3. Do you sl nead to speeadup ehammr}r?

Drapsnds on the number of madtizones reeded 1o Booy
EMarns .:r'l
there are a number of sim C‘-tl"ﬂ's Li"-‘-" n
e CFDrarspor 1S o dom
CLiS shafng 1S MCus [ accseral
» m.-_.,u.v.;n m' r,'-m & transport in

resokee COMbUSton (Ses S‘ul." 1]. WWhile tas
Q=N quesion,

Yol
e

Comment: “Shengihen inferaclions with AEC pardners wherever possibla®

Response; This year's work with Cummins/Convenge adds to our explicit interactions, and others are in
the works as well.

Commeant: “modedng needs fo explain amd predicf reswits, ™ “mone fully leverage CFD modeling fo assistin
fhe understanding of the physical processes”, "expand CFD activiy”

Responze: We've redirected owr modeling approach to do just that, as described in this year's report.

Comment: “or fufure work, look at impacts of fuel injection pressure amd hole sizeon post injechion miding
and any clever noz riafimedcion confrol strategies that could address vanious piston gecmelry impads
on ohserved performance”, “ook al effects of fuel infection pressure’”, “expansion fo different
geormelneswouwld be interesting”

Response; This year, we studied njection pressure effects on dribble, Going forward, the new DFL-21 fued
injection system has lower static back leak and will allow us to go to higher injection pressures, and
our new optical piston(s) will allow us to shedy couplings to chamber geometry.

Comment: “rof so clearthat a unifying theory willemenge fo generalizethe results.”

Responsze: Agreed, but we will still try to take the concepiual model approach as far as it will go.

Comment “discussthe I5FC impacts”, "evaluatethe fradeoifs and dependencies befween soof and
engine efficiency”, “emphasize heat fransferand efficiency”

Responze: These are hard to quantify in optical engines, but the planned heat transfer work shouwld help
to address this, and we ane using modeling results to aid guantification in this regard as well,

Caormrmant: I the fong lerm, expand o piol infections”

Response; Our long term plan to develop a multiple injection conceptual model includes plot njectons.

Responsesto Previous Year Reviewers' Comments

COMRUSTION REAEARCN FACRITY P s o st




Instruction

Collaboration and Coordination
with Other Institutions

 Collaborations and Coordination with Other Institutions
count for 10% of your total project score.

« The title of these slides should make it clear that they
count toward your Collaborations and Coordination with
Other Institutions.

 List your project collaborators, indicating:
— Relationship (i.e., prime, sub, etc.)
— Industry, university, national laboratory
— Within or outside the VT Office
— Extent of the collaboration.

17



Collaboration

Slide Examples

X cHrvsLER Partners/Collaborators
Partnerships / Collaborations <
""‘*"EL :_:Fr_ml + International Rectifier— GaN devices (engineering
Providing computational fluid dynamics (CFD) modeling, spray TR RecHEr samples) and modules, requirements for gate drivers
m measurements, and in-cylinder combustion high-speed imaging \
to support combustion development and control DeLPHI *© Delphi— Packaged GaN power modules
Supplied fuel injectors, lines, pumps, harnesses and controllers . __,.-ﬂfeham TECHNOLOGY, INC.
BOSCH for the DI gasoline and DI diesel fuel systems, and collaborated . Aegis T‘EChﬂﬂ'ﬂg}" Inc.— Iight—w&ight low loss nano-
with Chrysler to integrate the injector drivers . h ’ !
magnetic materials
DELPHI Supplied lon Sense coils and developing combustion feedback Metglas™ * Hitﬂ:ﬁhif Metglas — EHP“t on design and fahricatinp
system to allow closed loop combustion control of high frequency inductors and transformers using
FINEMET
Developed Vehicle Energy Simulator (VES) and supervisory »  Ferroxcube USA—input on design and fabrication
controller (Vehicle Energy Manager — VEM) that oversees and of hiah fr cvinductors and transformers usin
integrates energy managemy===-—=f=li=t S equency 9
Caollaborations and Coordination
———————————————(Collaborations Pawmwrr;.an - ¥ 0 Boms Somron L mn

®  Ford Motor Company — Project Partner

—  Donated engine hardware, offered operational advice on optical
engine, will participate in data sharing

®  Delphi Corporation — Project Subcontractor

= Supplied pre-chamber fuel injectors and are conducting CFD DeLPH
analysis on fuel injeclion characteristics

®  Spectral Energies LLC — Project Subcontractor )
- Acquired optical engine data, contributed to post-processing Energies .

®  University Collaboration
=  Engaged multiple universities concerning further TJ| imvestigation 18




Instruction

Remaining Challenges and Barriers

Highlight the key remaining challenges and barriers to
meeting the project objectives.

« The remaining challenges and barriers should provide
justification and support for the future plans in the
following slide.

19



Remaining Challenges and Barriers Barriers and

Challenges
Slide Examples

Cooling Technology = Correlations of ATF impingement cooling on motor windings
Development * CFD simulation of ATF impingement cooling

« Variation in local heat transfer coefficients of ATF impingement

« Effective convective heat transfer coefficients for representative
end-windings

Remaining Challenges and Barriers

Passive Thermal Stack * Thermal tests of interfaces and materials for motor cooling

and Reliability o Skotwindings
o End-windings ) ] . . .
* Inssitu thermal resistance measurements « A primary challenge for full integration of in situ gas

reaction technology into our research program will be to
correlate in sifu reactions under “real” catalytic conditions
with standard bench-top reactor experiments on bulk
catalysts. These experiments will be conducted with
ongoing research collaborators.

* In parallel, the ultimate utility of the ex situ reactor
capability we have developed for use with Protochips
heater technology will depend on the successful

Remaining Cha"enges and Barriers fabrication and beneficial use of a new “transfer” holder to

protect the specimen when it is moved between
microscope and reactor.

= [n engine simulations with large mechanisms that employ
multi-zone and advanced solvers: species advection/diffusion
can be as expensive as chemistry.

= GPU effectiveness depends on coupling together integration of
many CFD cells and on hybrid GPU/CPU algorithms to T T ——
determine optimal coupling/workload balance. e

= Need for systematic reconciliation of uncertainties in
experimental and modeling parameters and results.

= Non-chemistry sub-models lack general predictive capability
(e.g. fuel sprays and soot models).

We will address these issues in our future work 20

Lawrence Livermore National Laboratory unmman &




Instruction

Proposed Future Research

Proposed Future Research counts for 10% of your total
project score.

The title of these slides should make it clear that they count
toward your Proposed Future Research!

Explain what it is you plan to do during the rest of this year
(FY 2018) and next year (FY 2019). Provide justification for
future plans.

Add the statement to all slides with future-looking statements,
“Any proposed future work is subject to change based on
funding levels.”

Be as specific as possible; avoid blanket statements.
Highlight upcoming key milestones.

Address how you will deal with any future decision points
during that time and any remaining issues or barriers,
Including any alternative development pathways under
consideration to mitigate risk of not achieving milestones. 21



Proposed Future Wor R h Slid
Future Work FY16-FY18 Proposed Woark will |
uture vvor ) m H H LE During the FY16 year, the Fleet Evaluations E I
Upcoming Project Workand Challenges Powertrain with Idaho National Lab and Argonne Natio Xa | | p eS
Technology Evaluations. Under this activity,
Key Challenges Future Work ) ) _ )
o . ) . 1. Coordinatewith DOE"s VTO technology managers, medium and heavy-duty industry,
" th"e"ge‘Ac.h feving 30%:':;';"':;""9'“"'9 " PreseB and fleet partners to identify and select high-pricrity vehicle technolagies for
ueleconomyimprovemen - Complete Phase 2B engine testing evaluation
- r:x::g’:;’;:éﬁ?;?:::;ﬁi ke = Complete design optimization 2. Coordinate medium and heavy-duty evaluation activities with other DOE program
specific fuel consumption »  TJloperating strategy development activities (such as 21CT, NCFP, and energy storage) and laboratory partners (e.g., INL,
) ANL, ORNML, and LLNL)
] Chall : Devel entof TJI rati . | hamber RGF and AFR
smzr;ge evelopmento opersing d";;':ﬂ?n:;-';ne' o 3. Conduct medium and heavy-duty vehicle technology testing, data collection, and
—  An appropriate operating strategy is —  Complete CFD model correlationto non- evaluation activities } .
necessaryto translate positive thermal fueled experimental data 4, Report on results from all medium and heavy-duty vehicle technology activities.
efficiency results into real-world fue[ - Phase 3:
economy savings across the operating Multcviing e build and installat Separate tothis activity, NREL will continue to seek opportunities to expaond and apply
map B ult-cylinder engine build and installation existing data and expertise to support government, industry, and research partners in the
= Sparktiming, auxiliary fuel injection - Complete multi-cylinder engine testing development of advanced vehicle technologies through DOE-sponsored industry awards,
zizss"remm'"gfq"a"my’ valve timing, = Mini-map generation DOE VTO programs, other government state and federal agencies, and “Wark-for-others”

- Provide understanding of the limitations o A 5 =
TJl application across the operating map Future Work — We will continue to explore strategies for
— improving efficiency and accuracy of chemistry and engine CFD

FY14 - [Q3 Milestone] Complete the mechanism diagnostic and
debuggingsuite of tools

FY14 — [Q4 Milestone] Improve high fidelity multizone chemistry on the
GPU for engine CFD simulations

FY14 -~ Continue to improve availability within the MOU for the new

solvers — pursue online version of mechanism diagnostic tools

Ongoing

B ¢ g FY15/16 — Rigorous error analysis of the multizone combustion solver
g P for direct user control
g 5 28 FY15/16 — Accelerate detailed spray dynamics algorithms 22
28
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Instruction

Mandatory Summary Slide

Summarize the key points you wish the reviewers and
the audience to take away from your presentation.

For those projects that are working toward specific
technical targets, include a Summary Table summarizing
key technical results to date in FY 2018 compared to FY
2017 results, and the technical targets.
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SUMMARY

#» The Phase 3 GM 2. 0L turbocharged engine updated to 11.0:1
compression ratio, high energy ignition system, and cooled
LPL EGR hardware has been tested for fuel efficiency and
POWET.

v Fusl efficiency was impreved by a weighted average of 3 Z¥ cver
the basalina

*  Feak power was reduced from 180 fo 155

+  Jorgque was Improved at low engine speeds

# The Phase 4 2. 0L turbocharged engine design and build was
completed by the end of the 4th quarter 2013.

# Testing of the updated Phase 4 2.0L turbocharged engine has
begun. Testing is scheduled to be completed by the end of
the 4th quarter 2014.

Summary

Relevance

m  Devalop integrated cal with dry alecirode, direct
coabed separator, and fast formatiion 1o accomphsh
50% cost saings while mainiaining %0%
perlormance compared 1o basehne dasign

Apprasch

Dy slectrode

Improve the micro-stinuchore and momphology of the
akactrods and develop the process of automated
pikat e for large fomat cal buikds

m  yaber based cahoda
Devalap an addiive and new formudation for mixing
and Coating procass improverments
®m  [Darect coabed separator
Davaslop rol-to-roll Process for Scaleup bo improve
larnination strengh and reduce thickness wariaton
®  Fast farmation

Drawaslap N SCIvaloh DRocess o impiows o6l
wriformity wsing stap-charging and sbap-aging
process and devalap an improvisd delacton

Summary Slide

Examples

Technlcal accomplishments

Diry alacirods

The cells bult with optimized dry slecrode
damonsirate 30% lower AS| and 107% higher rate
capabilty than initiad elactrode design

‘Water barsed Cathode

The resulls show 90°% capacity & 2500 cycles and
similar pafarmanca comparad 1o the bassling. The
rate capabilty perormance has bean improved Wa an
cpbmized pH balancar and conductve graphita
Direct coated separabar

Tha cells show 5% lower AS| and 27T% baller rala
capability comparad to the basalng

Fast lormation

The results of the new activation process show lesser
wvanation for 19 cycle capacity, impedanca, dV and
capacity retantion afer calendar ife. The detection

procass ab low S0 damonstrates improved
datectability and lower cell dagradation

Proposed future research

N -
COOPER |~ ==

Summary

Dwdrvar 24 1540 final cals and final cost model to DOE
Trarefar techralag@as 10 production

i
sposon

» Testing conducted to date indicates Cooperis on track to meet the
goals of 20% weight reduction and 3% fuel savings.

= Phase || is on track for evaluation during 2™ Quarter of 2014,

Contribution To

Contribution To

Features Weight Reduction Low RR

Light weight Mano-fiber 1%-2% 5%
y Light weight Bead 2% - 4% Minimal

Light weight Belt 2%-14% 4%-6%

Light weight Inner Liner 8% —5%-to—10%

UtracLon RR Tread 19%2% 15%-20%

Low RR Tire Profile 8%-10% 109%-12%

Total ~20% 24
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Instruction

Technical Back-Up Slides

(Note: please include a “divider” slide if you are including

back-up technical slides [maximum of five]. These back-

up technical slides will be available for your presentation

and will be included in the web PDF files released to the
public.)
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Instruction

Reviewer-Only Slides

*Publications and Presentations
Critical Assumptions and Issues

(Note: please include a “divider” slide between those to
be presented and the “Reviewer-Only” slides. These
slides will be removed from the presentation file and the
web PDF files.)
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Instruction

Reviewer-Only Slides

 The following slides are to be included in your
submission for Peer Evaluation purposes, but will not be

part of your oral presentation — they will be provided to
reviewers only.
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Instruction

Publications and Presentations

« List any publications and presentations that have
resulted from work on this project.

« Use at least 12-point font.
* Please verify that the links in your slides are active.

Note: This slide is for the use of the Reviewers only; it is not to be
presented as part of your oral presentation. These Reviewer-Only
slides will be included in the copy of your presentation that will be

made available to the Reviewers.
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Publications

Example Slides

CRF Recent Publications and Presentations Publications

-M“:;;‘-:F; I:;sﬂf;::mﬂiﬁ:‘;m?;ﬁﬂn:u Waponzirg Diesel Jet.” LASS Americas 28t Annual Confererce on Liquid * :’m‘::&]ﬁ:ﬂzﬁ:‘:?’c&lﬂ. m:'t““:::::f:;‘::‘l:::lq Fl-;\ﬂ\lbﬂ for Energy Transition:

A CFD Soudy of Post mecton Influences on Sool Formabon and Odabon under Dwselklbe Opersong Conditors " SAE - Bk [ P— U
Techrical Pager 3014.01.1258, accepted bo SAE Joumal of Engines T(2), Apri 2014 * Greene, D.L, & Park, and C. Liu (2004). The Economics of a ta Drive in
“In-Chylirier Meckaeiam of Sool Reducton by Cloge-Couphd Posi-Frechors 38 Reealed By nsgng of Soof Loty d the United States: The Implications of Deep Unoertainty, Tipping Points, Network Externalities and
Pianar Laser-induced Soot incandescence in a Heavy-Duty Diesel Engine,” SAE Techrical Paper 2014-01-1235, accepted to ll'IP'I'fm Markets for Public Pﬂim“"ﬂ’lﬂ' 1-14, Howard H. H.-J". cumhrl’lhlcl’qim
SAE Jourra of Engires 7(2), Apnl 2014 i i
"Effectof Load on Close-Cougpled Post-echon EMcacy for Soot Reduchon n an Opbca, Heavy-Duty Desel Research Engee” Uin of Tann
Ja O'Cornor and MP B, Musculus, paper ICEF201318037, ASME Intemal Comnbustion Engine Fall Technical Confererce, + Nutional Research Council W!']- Transitions to Alternative Vehicles and Fuels. Wuhhgton De:
, DC:

October 2013
Encyclopedia aicle: "Experenental Facioes and Measurements - Fundsmentali.” 10 appear i "Encyciopedia of Alomotve The National Academies Press.
1

Engiresrrg,” MP B Musculus, LM Pickett, S 4 Ksiser, sccepted Jure 201
*Pest jectiors for Soot Reduction in Diesel Engnes: & Rieview of Current Understanding,” J. 4. 0'Connor and M.P.B. Muscubss, * fireann D.L, 5 Park,and C. Ui (2013). Anshyring thaTransttion to Elacirc Drivs Vklclea I the
SAE Techmicsl Paper 2013-01-0017, SAE ke J. Engines 6400-9210, May 2013 U.5., Futures, Available online 19 October 2013, 155N 0016-3287,
*Cptcalirvestgation of the Reduction of Unbumed Hydrocarbors Lising Close-Coupled Post injections at LTS Conditions in a http://dx.doi.orgf10.1016/j. hutures. 2013.07.003.
Hewy-Diuty Deesl Engee " LA OFCorncr snd M P B. Musculis, SAE Techrcal Pager 2013-01-0910, SAE Int. J. Engnes
B:370-328, Wy 2013 + Greene, D, L, C, Lw, and 5. Park. (2013}, Transition from Petro-Mobility to Electro-Mobility. In
"Cpocal Frestganon of Mubple nechons for Unkarned Hydrocarbon Ernesions Reduchon wah Lo Ternperature Combuston n Transition to Renewable Energy Systems, Wiley-VCH Verlag GmbH & Co. KGad: B19-873
a Heavy-Duty Diesel Engree,” JA O'Connor and MP B, Musculss, Pager # 07011C-0033, Bth LS Naboral Mesting of the
Cembustion krsts, Park City, UT, May 2013 + Greene, D. L, 5. Park, and C. Liu (2003). Anslyzing the Transition to Electric Drive Vehides in

*Effects of EGR a0 Load on 5ot in & Hewwy-Duty Cptenl Diessl Engrs with Close-Coupled Post-Fyecbons for High Efcircy
Combustion Fhasing” J A, O'Cerner and MF.B. Musculus, it J Eng. Res. in press, pubkshed orline Ady 2013 California,, White Paper 4-13, Howard H, Baker, Jr. Center for Public Policy, University of Tennessee,

“Zandia Maps Multiple Pativs b Clearer, Lowe Ternp Diesels " S2E Truck and Bus Engineenng Online,
hiip e 538 orgimagsTEEN 2411, Septernber 2013

Irvited presentations “Thinkang inko the Boe Sokang Engireering Problems Using Lasers and Cameras in Optical Engines,”
Institute for Sustairsble Erergy serminar senes, Universty of Alsbarna, Tuscalooss, Alsbama, Apnl 2013

It presentabon "Opocal Dagnoshcs Tor Deessl Engre Combughon nd Facact Qare luastes Dotieal oo D —
presertabon o bechrical staff at Jobr Diesre, Wiaberion, 14, July 2013

Fraled presentator "4 Concepnaal Model for Lo Termperaiure Dessl Combl PUBL'm‘"QNs AND PRESENTA‘"DNS
Engires & Vehicles, Capn, kaly Septerber 2013 Ok

ACE ) ; RIDGE

Irvsted Presenastisng

Srybist, LR, Splitter DA, Kelweshas, VB, PR, L&, and Daw, C.5, “An Irvestigation of Mor-Catalytic In-Cylinder Fusl Reforming,” Scathwest

RasgarchIrtitute HEDGE Corsomium Masting, [Jung 41, 3013, Southrwast Ressarch Instinge, Sem Antomis, TXL

COMRT R TR RESTARCH FACRITY

Erpbist, LR, Splittar, D&, Kalashes, VB, Fikl, L&, and Daw, T5., “An reastigution of Mon-Catalytic In-Cylirder Fusl Roforming,” 2013 SAE
Internatiorssl High EFficiency Intermal Combaustion Engine Sympasium; [Apnl 14, 2013, Cetrait, M)

Paer Reviewasd Journaly, ORNL Baparts, 3nd Conference Procssding
Srybist, L, Stasper, R, Splictar, O, Kalaskar, V0 et al, "Seagative Valve Crarag Raf ormirg Chamistry in Low- Owpgen Ervironments,” S4F inr.
A Exgleeaa T[11: 2014, cboi: 1042T1/2014-01- 1182

Kalaskar, VB, Soebist, LR, Splitter, DA, Pibl, LA, Gao, 2., and Daw, G5, “In-Cylinder Resction Chemistry and Kinetics durirg Megative Valve
Crvnrlag Fusl Injection under Low-Owvpgen Conditions,” ASMWE ICEF Procssdivgs, Technicsl Paper 2013.19230, 2013

Lrybist, AR, Chabravathy, K., ard Daw, C 5., "Analysis of the impact of Selected Fusd Thermochemical Properties on irtemal Combustion
Enginag EMiciancy,” Energy & Fuels 26(5):2798.2810, 2012

“ Kalyana Chakravartky, © Suar Daw, and Joskh & Pihl, “Themodenamic snsdysis of Aliernative Approsches to Chemical Lespirg
Combustion,” Enengy and Fuels 3011, 25 pp 656-669

5. Daw, RL Graves, .M. Wagrarn, ard L4 Cator, “Repom on the Trarspomation Combustion En@nlEH:r_mn(anllnquuum Hald ot
USCAR. DRNLTM-1010/365, Cctober 2010

Additional Predsnistisn

Srybist, AR, Steepern, RLR., Splitter DA, Kalaskar, VB, Pibl, LA, and Daw, C5, “Negative Vlve Overlap Reforming Chemistry in Low-Owygen
ERsiFONmMENts,” Erosantalion o U AEC Program Ravidw Masting, Sendis Nationsl Laborstonss, Febrsry 2014,

Srybist, LR, PR, LA, Daw, G5, Bunting 6.5, "Praliminery Esperimentsl Measurements of In-cylinder Fusl Reforming.™ presentation at
thek AEC/HICC] Wirkireg Growg MESting, Sarckis Mationsl Laborstonss, February 2012, 2 9
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Instruction

Critical Assumptions and
ISsues

« Address 3-5 of the critical assumptions and/or problems
affecting the outcome of your project. Briefly describe
the problem as well as potential solutions, both within
and beyond the scope of the project.

« Exclude funding issues.

Note: This slide is for the use of the Reviewers only; it is not to be
presented as part of your oral presentation. These Reviewer-Only
slides will be included in the presentation file made available to
Reviewers.
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CRITICAL ASSUMPTIONS AND ISSUES

= Past exhaust heat recovery concepts have not succeeded due to pressure drop,
inadequate materials, complexity, and low power

—  Mewe materials and reaction concepis (eg., catabyise reforming and ossdation] hinve potential to
wibilress AP and materials problems

= Mewe mechanisms and control options (e.g., W, free prston, iwbied engines) are available 1o addoess
complexify Bssues

—  Peak engine power s bess of a concern for hybrids

] Redﬁctlon of combustion irreversibility does not necessarily lead to increased piston
wor

= Conceptswe select for fur ther sll.ld*lfj‘:rvl_ai[mr
than just higher temperabw e, thereby significant

in thee form of higher peak ofinder peessure rather
mareasing polential pistonwork

* Advanced ICE efficiency benefits are likely to be fuel specific

Critical
Assumptions &

Issues Slide
Examples

—  This ks a major motivation behind mohedng the anabysis of fuel effects and inclusion of a range of
:atahrstsmjdheal e fer manes faks in this sbudy e

* Current project isn't leading to near-term commercial products

= The goal is 1o soreen -term advaneoed concepts and resohee basic queestions as recommended by
the nm-.rscmc.:umum

*l"lh]{.llhul Marsosal Lo amoey

Critical Assumptions and Issues

A

CRE Critical Assumptions and Issues

* Is low-temperature combustion a viable approach for meeting
future emissions and efficiency targets?

— Based on feedback from industrial partners, the consensus is that some
level of low-temperature combustion deemed worthy of further research
and development. Studies will include a range of EGR representative of
uses across the industry, including strategies that use aftertreament.

* Relevance of results depends on state-of-the-art injector

technology

- As much as possible, we work with our industrial partners to use the most
madern injectar technology, but issues with proprietary content can cause
some lag.

* Are optical engine results fully representative of production/metal
engine performance?

— The results of previous research, as well as the use of optical diagnostic
observations for developing computer models, have demonstrated that
fundamental research in optical engines is relevant to production engine
performance. Future partnershipswith parallel metal engine experiments
and more realistic optical geometries are currently being explored.

The surrogate electric vehicles used for the vehicle integration and testing phases employ
the SAE J1772 standard for AC level 1 and level 2 charging, Due to market roflout plans
and maturity of standards the surrogate electric vehicle also employs a CHAdeMO DC fast
charging compliant charging infrastructure that the awardees will be utiizing on the vehicle
side to communicate and deliver charge to the high voltage battery. This area of the
system's design will be based on a modular architecture to allow apphication reuse when
adjusting the system for vehicles adopting other standards.

AT TR ACAr AR FACRITY Em—rm
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